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PROCESS FOR THE IN VITRO REPLICATION OF HCV 



The invention relates to a process for the in vitro replication of HCV. 

Hepatitis C, that is a non A non B hqiatitis, is a transmissible disease tbat is 
induced by Hq)atitis C Virus (HCV), die major cause of acquired hepatitis by 
transfusion. Hepatitis C is distinguishable from other forms of viral-associated liver 
diseases, sudi as hepatitis A, hq)atitis B or hqiatitis D. Evidence of HCV infection is 
found throughout the world. Infections are usually chronic. 

HCV was the first hepatotropic virus to be isolated by the mean of molecular 
biology techniques (1). Viral gCTomic sequences w^e cloned before the viral particle 
itself could be visualized (14). 

HCV is a single-stranded positive-s»se RNA virus of about 9.5 kb m length, 
translated in a unique polyprotdn precursor of qyproximatively 3,000 amino acids. 
Because of its graomic organization and its presumed rq>lication mode, HCV was 
classified in a new graus wifliin the Fknnviridae fEonily (32), whidi includes two 
other genera : the flavivinises and the animal pestiviruses and classical swine fever 
virus. All members of this family have enveloped virions that contain a positive- 
straiul RNA mcoding all known virus-spedfic proteins via translation of a single open 
reading frame. 

Many techniques have been devdoped to diagnose an infection by HCV. For 
example, immimodiagnostic assays have been developed for detecting antibodies 
directed against HCV proteins in the serum of patients. Synthesis of cDNA by reverse 
transcription of the vnal RNA and amplification by PCR have been also used for 
detecting HCV genome, as an indirect measure of potentially infectious virus in sera 
bom chronically infected humans or eiqperimratally infected chimpanzees. On the 
basis of cloning an HCV gene, hybridization techniques with a DNA probe have also 
been used. 

It is submitted that existing diagnostic methods to some extent lack of sensitivity 
and/or specificity and/or praticability. For example, with the probe hybridization 
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method, it is iixq)ossible to distinguish a virus with less infectivity versus a virus with 
high infectivity. Consequently, it is necessary albeit impracticle to inoculate a 
chinopanzee with the virus to be tested and test the resultant infection thereof m the 
chux^anzee. 

The demand for sensitive zM specific methods for identifying aqd sCTeenmg 
carriers of HCV is important for public health. A solution for addressing these 
problems could be to perform a highly efficient in vitro cvltare system of HCV 
aUowing persistrat in vitro virus propagation, specifically to study the mechanisms of 
replication of the virus, to test neutralizing antibodies as well as antiviral drugs and to 
develop biological materials and tests for diagnostic. Indeed, an in vitro culture 
Systran would provide a source of material, such as viral polypq>tides or nucleotide 
sequences, which could be used for the development of diagnostic assays and/or 
vaccines. In addition, they could be used in drug so^ening and for developing 
antiviral agents. However, a reliable and robust in vitro culture method has until now 
not been available. 

In Ww, evidence of HCV rq>lication in cells from the immune ^stem has bera 
documented (15, 26, 27, 38) but remains matter of controversy (23, 2S, 31). HCV 
has also been shown to be able to rq)licate m vitro in lymphoid cell lines and 
perq)heral blood mononuclear cells, but at very low levels and/or for short period of 
time (3, 16, 33, 34, 40, 41). 

In vitro propagation of HCV in liver cells has been as least as difficult to 
inqplement in hepatic cell Imes as in primary hepatoc^ cultures (10, 13, 17, 22, 39). 
In chimpan/jee hepatocytes for instance, Landford et al. could not demonstrate the 
production of viral particles in the supernatant of mfected cells, suggesting that a 
om^lete HCV replication (^cle was not adiieved (22). Although, Ito et al. confirmed 
the maintenance of HCV replication in human hepatocyte cultures established from in 
vivo duronic H(}V carriers and suggested a passage of infection, technical problems 
relating to the propagation of the virus still persist (13). More recentiy, lacovacci et 
al. also demonstrated in vitro infection of human fetal hepatocytes (17). Overall, 
major diffeirences between lymphoid and hepatic cells were (i) low levels of 
replication and selection of a particular quasispecies in lymphoid cell lines (34) (ii) 
higher replication level in hepatocytes (17, 22) and maintenance of all quasispecies 
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present in ^nvo (13). In these models, evidence of HCV replication always required 
tfie use of nested-PCR, and production of infectious viral particles in the cell 
supernatant was rarely demonstrated. 

To date, in vitro inflection assays using normal adult human hepatoc^tes in 
primary cultures have not been described. 

The objective of the present invention is to provide an efficient in vitro infection 
system using hq)atocytes and particularly mammalian and more particularly human 
hepatocytes, which avoid the problrais cited hereabove. 

Culture conditions are defined for allowing the maintenance of HCV replication 
for at least three months post-infection. One onbodiment involves the use of PCR 
an^lification tedmiques, for example PCR, m three different regions of the viral 
genome (5* and 3' non coding regions, envelope glycoprotein E2). Sufficient viral 
production was obtained to analyze and quantify HCV RN A by smgle-round PCR and 
standardized validated commerdal assays but also to measure core antigen in the 
supmiatants of infected cells. The reproducibili^ of the m^od on hepalo(7tes from 
di£fermt liver donors usmg extrasively characterized mocula is also taught. Finally, 
quasispedes selected after in vitro infection were analyzed in the sq)ematants of 
infected cells and compared in cultures established from three differrat liver donors. 
The techniques described herein are validated by experimental protocols. 
Liver resection samples were obtained from three patients undergoing partial 
hqiatectomy for metastatic liver tumor. They were negative for HIV, HBV and HCV 
infections by serological assays (EUSA HIVl HIV2.3 from Abbott and HIVl-2-3 
Vironostika assay, ElA assays from Abbott for the detection of HBsAg, anti-HBc and 
anti-HBs antibodies, and anti-HCV antibodies detection with HCV 3.0 kit from 
Abbott). B)q)erimental procedures were performed in accordance to the French Laws 
and Ri^;ulation, with the informed patirat*s consent. 

The invention relates to the use of a culture medium containing : 

- one or more mammalian plasma or sera, 

- a diemical or biological compound having an antioxidative property 
and/or differentiating property, such as DMSO (dimethyl sulfoxide), retinoic 
acid, vitamin, for example vitamin E. or selenium, 

- and/or one or more corticoids 
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for the in vitro hq)atitis C virus replication in primary mammalian 
hepatocytes. 

The term "conq)omid having antioxidative property", corresponds to 
substances which are opposed to oxidation of lipids, proteins, and nucleic acids 
in a cell or a cell line submitted to oxidative stress conditions. These substances 
can 

- block the productions of free radicals, and/or 

- trap the free radicals, and/or 

- inactivate free radicals. 

The term "confound havmg diffopentiating property** corresponds to a 
substance v/bidi induces and/or maintains specific functions of differentiated 
cells (i.e. production of albumin, ^tocfarome p4S0 and acute phase protein in 
hepatocytes). 

Hie invention relates to a process for the in vitro hepatitis C virus 
replication in primary mammalian hepatocytes comprising the stq> of incubation 
of a primary mammalian hq)atocyte culture medium containing 

- one or more mammalian plasma or sera, 

- a chemical or biological conq)oimd having an antioxidative property 
and/or differentiating property, such as DMSO, retinoic acid, vitamin, for 
example vitamin E, or selenium, 

- and/or one or more Gortiooids 

In the process of tbt invmtion, DMSO is advantageously used as an 
ingredient in the viral hqiatocyte culture medmm. 

According to an advantageous embodiment, the process of the invention is 
characterized in that die culture medium contains : 

- one or several mammalian plasma or sera, 

- a chemical or biological conq)ound having an antioxydative property 
and/or differentiating property, such as DMSO, retinoic acid, vitamin, for 
exanqple vitamin E, or selenium. 

According to an another advantageous embodiment, the process of the 
invention is characterized in that the culture medium is a primary human 
hqpatocyte culture medium containing a non-infected human plasma or serum 
(i.e. a human serum not infected by HCV), DMSO, and a corticoid chosen frt)m 
among hydrocortisone derivatives such as hydrocortisone hemisuccinate, or 
dexamethasone. 

According to an advantageous embodiment, the process of the invention is 
characterized in that : 
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- the ratio of non-infected tiuman plasma or senun is from about 1 % to 
about 10 % by volume of said culture medium, in particular about 1 %, to about 
5 %, and preferably about 2 %, 

- the ratio of DMSO in said culture medium is from about O.S % to about 
to about 3 % by volume , in particular about 2 %, 

- the concentration of the corticoid is from about lO'^M to about lO^M, 
in particular about lO^M . 

According to an advantageous embodhnent, the process of the invention is 
characterized in that the culture medium also contains : 

- antibiotics sudi as praicillin» strq)tomycin, and/or 

- interfim)n, and/or 

- mammalian insulin^ and/or 

- foetal calf serum, and/or 

- a basic medium for in vitro cdl cultures, such as William's E medium, 
or a culture medium ads^ted for long term culture of q>ithelial cdls. 

According to an advantageous onbodimmt, the process of the invoition is 
characterized in that the culture medium does not contain PEG. 

According to an another advantageous embodiment, the process of the 
invention is characterized in that : 

- the HCV titer of die mocolum is from about 10'^ to about 100 genomic 
equivalents per hepatocyte of the coltoie, m particular from 0.1 to about 10 and 
in particular from about 1 to about 10 genomic equivalents/hq»atoc^, 

- and the resulting HCV tit^ in the culture medium after incubation with 
said inoculum, is from about S.IO*^ to about 1 genomic 
equivalent/hepatoc^te/day. 

According to an advantageous embodiment in the process of the 
invention, the hq)atocytes are initially seeded in the culture medium at the ratio 
of about 1-5 xlO^ to about 2.10^ cells/cm^ 

The invention also relates to the use of the culture system of the invention 
for the in vitro screening of anti-HCV drugs. 

The term "anti-HCV drugs" designates natural or chemical or synthetic 
substances havmg the property of partially or totally inhibiting the viral 
propagation in the orpnism. It can include substances inhibiting the infection 
processus (blocking of the receptor such as antibodies - and/or mtemaiization 
. process) and/or inhibiting rq)Iication (such as antisens) and/or secretion of viral 
particles. 

The invention also relates to the use of the culture system of the invention, 
for the in vitro diaposis of HCV, for example for the development of 
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antibodies directed to HCV and/or synthetic polypeptides or recombinant 
proteins and/or nucleotide probes. 

The invention also relates to the use of a process of the invention, for the 
preparation of vaccines against HCV, for example the testing of neutralizing 
antibodies, cross-neutralization. 

The invention also relates to HCV infected mammalian hepatocyte culture 
medium containing 

- one or more mammalian plasma or sera, 

- a chemical or biological compound having an antioxydative property 
and/or differentiating property, such as DMSO, r^oic add, vitamin, for 
example vitamin E, or selenium, 

- and/or one or more corticoids. 

The invention also relates to HCV infected mammalian hepatocyte culture 
medium containing 

- one or more mammalian plasma or sera, 

- a chemical or biological compoimd having an antioxydative property 
and/or differentiatmg property, sudi as DMSO, retinoic acid, vitamin, for 
example vitamin E, or selenium. 

The invention also relates to HCV iofected mammalian hq)atocyte culture 
medium as above defined, diaracterized in tiiat said culture mecUnm is a human 
hq)atocyte culture medium containing a non-infixted human sefum or plasma, 
DMSO, and a corticoid chosen among hydrocortisone derivatives such as 
hydrocortisone hemisucdnate, or dexamdhasone. 

The invention also relates to HCV infected mammalian hepatocyte culture 
medium as above defined, charactmzed in that : 

- the ratio of non-infected human plasma or samm is from about 1 % to 
about 10 % by volume of said culture medhun, in particular about 1 %, to about 
S %, and preferably about 2 %, 

- the ratio of DMSO in said culture medhun is from about O.S % to about 
to about 3 % by volume , in particular about 2 %, 

. - the concentration of the corticoid is from about lO'^M to about 
lO^M, in particular about 10^. 

The invention also relates to HCV infected mammalian hq>atocyte culture 
medium as above defined, wherdn HCV infected hqpatocytes survive for at 
least 4 months. 

The invention also relates to HCV particles obtamed accordmg to the 
process above defined. 
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Fi gure 1 : Kinetics of detection of positive and negative-strand HCV RNA in 
cells and supematants of primary hq)atocytes cultured in two different media of die 
present invention. Infections were performed using the serum K03 (genotype la) on 
cultures established from liver donor A. Cultures were mamtained either in the 
presence of 2% human serum, 2% DMSO and 3.5 10-7 M hydrocortisone (A) or in 
the presence of 10% PCS and 3.5 10-5 M hydrocortisone (B). Ediidium bromide 
staining of 28 S RNA is shown to demonstrate the integrity of total ccUular RNA aftor 
extraction procedure. Ediidium faromide staining of single round PGR products 
obtamed m die 5'NCR (269 bp) are shown for the positive-strand HCV RNA. 
Agarose gel electrophoresis followed by Sou&oti blot hybridization was conducted 
for die negativMtrand according to die "Tagged PGR" m^od described by Landford 
(product size 392 bp, 22). * indicates die supematants used for the passage of 
infection shown in Fig. 3 and for quasispecies analysis documented m Fig. 5. 
Negative controls included PCR anqilification performed from culture medium before 
mfection (To), non infected cells (NI) and water (H20); RNA isolated from HC:V 
positive smim was used as positive control for positive-strand RNA detection and as 
negative control for negative^strand RNA detection. 

Figure 2 : Kinetics of HCV rq>lication in long-^OTOi cultures of human 
hepatoc^ maintained in die presence of 2% human sarum, 2% DMSO and 3.5 10-7 
M hydrocortisone. Infections were permed on cultures established from liver donor 
C. Celhdar extracts (A) and culture si^omatants (B) were analyzed. 28 S RNA and 
positive-strand as well as negative-strand RNA anoplification products were obtained 
as in die Fig. 1. 3' X-tail amplification (92 bp product) was performed as described 
by Umlauft et al. (48). Viral titers obtained by Monitor test (Roche DiagnosticSystem) 
aiKl core protein concentration (45) are shown. Negative controls were RNA isolated 
froin mock-mfected cells and supematants (NI). (-) means diat core protein 
concentration was below the threshold of detection, and nd means that diese titers 
were not detnmined. * indicates the supematants used for quasispecies analysis. 
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Figure 3 : Kinetics of positive and negative-strand viral RNA in the cells and 
supematants of hepatocytes infected with supematants of cultures infected with serum 
K03: passage of the infection. Cells were from liver donor B. 28 S RNA and positive- 
strand as well as negative-strand RNA amplification products were obtained as in the 
Fig. 1. * shows the sup^natant used for quasispecies analysis. 

Fi gure 4 : Kinetics of d^ection of positive and negative-strand HCV RNA in 
cells and siq)ematants . of primary hq>ato(^ cultures infected with serum SOS 
(gfflotype lb) (A) and LQZ (goiotype 2a/2c) (B) in the culture medium contaming 2 % 
human serum, 2% DMSO and 3.S 10-7 M hydrocortisone. Cultures were established 
from liver donor A. Viral positive and negative-strand RNA were analyzed by PGR as 
described in Fig. 1. Controls included PCR amplification performed from culture 
medhun befbie infection (To), non mfected cells (NI)^ water (H20) and serum from 
HCV chronic carrier. 

Fi gure 5 : HVRl nucleotide sequences of HCV and numbers of clones 
recovered from the serum K03 (inoculum) and supematants of primary cultures of 
human h^alocytes from Aree different liver donors at various times post-infection. 
Cloning and sequencing ware performed as described herd)elow. Nucleotide 
sequences from nucleotides 1490 to 1583 according to strain H (1 1) are shown in (A). 
The corresponding amino add sequences are shown (B). Horizontal bars indicate 
nucleotides or amino acids identical to those of the consensus sequence. 

RYflinp^f 1 : Primary hq>atocyte cultures 

Cells were isolated by a two-step coUagenase (Boehringer Mannheim) perfusion 
procedure as previously described (9). A 30% percoll (Sigma) gradient was realized 
on isolated cells in order to ranove dead cells. Freshly isolated hepatocytes were 
seeded in 6-well dishes at a density of 1.5 to 2x10^ viable cells/cm2. This high density 
is preferred to obtain long-term survival of primary hepatocytes (37). Adhesion was 
performed overnight in William's E medium (with Gluiamax I, Sigma) complemented 
with 100 Ul/ml penicillin and streptomycin (Gibco), 5 g/1 bovine insulin (Sigma) and 
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10% heat inactivated fetal calf serum (FCS) (USDA batches. Eurobio). After seeding, 
medium was replaced by William's E supplemented with antibiotics and insulin as 
described above, plus either 2% dimethyl sulfoxide (Sigma), 2% normal human serum 
and 3.S x 10-7 M hydrocortisone hemisuccuiate (Roussel, France), or 10% FCS and 
3.5 X 10-S M hydrocortisone hemisuccinate. Normal human serum was obtained from 
bleeds of non-infected patients suffering from hemodiromatosis with their informed 
consent 

Example 2 : In vitro infection with HCV 

Three days after seeding, cultures were mcubated overnight at SVC with 50 ^il 
of the indicated serum diluted in L5 ml of medium devoid of normal human serum. 
Mock-infected cells were mcubated with 50 /d of human non-infectious serum. The 
moculum was removed and cell monolayers -were washed three tunes widi PBS and 
refed with the medium desmbed above. Medhun was changed ev^ 2-3 days imtil 
harvest. It is to be noted that the inoculum which can be used in the present invention 
is a HCV mfected serum having substantially similar diaract^tics with those of 
serum KD3, as defined in Table 2 herafter. 

Example 3 : Extraction of nucleic acids and cDNA synthesis 
At the time of harvest, the medium was collected and several aliquots stored at - 
70**C. Cultures were washed in phosphate-buffered salme (PBS), trypsinized with 0.5 
gA trypsin - 0.2 g/1 EDTA (Gibco) in order to rraiove adsorbed virions, and pelleted 
at 4''C. Paired cellular pellets were stored at -SO^'C until used. Intracellular total RNA 
as well as viral RNA contained in soum and siq^eraatants were isolated using High 
Pure RNA Isolation Kit ~ , according to the manufacturer's instruction (Bodiringer 
Mamiheim). A DNAse digestion of the sanq[>le is included in this procedure. 
Approxunately 0.75 x 106 hq^atoc^tes (half a dish) or 500 /d of supernatant (one 
third) or 150 id of serum were extracted and collected in a final volume of 50 iil of 
water. Intracellular RNA integrity and homiogeneity were checked by submitting 5 /xl 
of total cellular RNA to electrophoresis on 1% agarose gel containing ethidium 
bromide. 
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During all the extraction steps and RT-PCR amplification, guidelines of Kwok 
and Higuchi (20) for the prevention of PGR contamination were carefully followed. 
Standard procedure were performed as follows : ten microliters of RNA 
(corresponding to approximately l/ig of total RNA or 100 ^1 of supernatant) were 
preheated at TO^'C with 0.1 fiM of primer and reverse transcription was performed 
during 1 h at 42**C in a reaction mixture containing RT-buffer IX (Gibco BRL), 10 
mM dithiothreitoU 1 mM dNTP. 20 U RNAsin (Promega), and 200 U MMLV RT 
(Gibco BRL). For 3'X-tail detection, cDNA synthesis was performed at 52^*0 for 50 
min in a reaction mixture containing obtained cDNA was submitted to PGR 
amplification, after denaturation at Sl^'C during dtho: 10 min or 30 min for detection 
of positive and negative^trand RNA respectively. Briefly, reaction mixture consisted 
of IX Taq bufii^, 1.5 mM MgCI2, 0.1 mM dNTP, I jiU of each primer (Table 1) 
and 1.25 U Taq DNA polymerase (Peridn Qmer). Two different tedmiques were 
used for the anQ>lification of the positive-strand RNA. PGR amplification of the 
5*NC3l was adapted from Li et al. (28), usmg single-round anq)lification with primers 
NC3 and NC4. NC3 and NC4 possess 32 and 81 p^t^ents homology respectively with 
Bovine Viral Diarrhea Virus, anotiio' member of the Flaviviridae family that was 
foxmd to be frequendy contamining PCS batches (49). Absence of detection of Bovine 
Viral Diarrhea Virus was confirmed in the sanq)les. PGR conditions consisted of an 
initial step of 95*^0 for 5 min, 40 cycles of 95'*C for 1 min, 64''C for 1 min, 72°C for 
2 min, and a final extension stq> of 72'*C for 10 min. In the second amplification of 
the 3' X-TiEul was performed according to a single-stq) PGR method described by 
Umlauft ei al. (48). Specificity of anq)lification products obtained in both tedmiques 
of d^ection of the positive-strand RNA was draionstrated using Southern blot 
hybridization with oligonucleotidic mtemal probes. Specific detection of the negative- 
strand RNA was performed using a method described by Landford et al. (22). The use 
of a Tag during PGR amplification was also shown to avoid arfefactual amplification 
of the incorrect stnmd in our hands. Two nucleotides were added in 5' end of the 
primer initially described by Landford et al. for better amplification and specificity 
(see Table 1). After denaturation of reverse transcriptase and destruction of residual 
RNA in the cDNA preparation, PGR amplification was performed as following : 
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95°C for 5 min, 35 cycles of 94**C for 1 min 20 sec. 64°C for 2 min, 72*C for 3 
min, and a final extension step at 70''C for 10 min. Typically, one-fourtti of the PCR 
product was analyzed by agarose gel. Southern blot hybridization widi a DIG-labeled 
probe internal to the PCR pruners was performed in the Tag method according to the 
manufacturer's instructions (DIG-High prime DNA labelmg and detection starter kit 
n, ^ Boehringer). 

Primers for the amplification of the Hypervariable Region 1 (HVRl) of the 
HCV genome were synthesized on the basis of the published la genotype sequence 
(11). Smgle-round PCR and DNA polymerases with high fidelity were used to avoid 
' artefactual mutation during quasispecies analysis (44). Primers HVRl and HVR2 
were used ftnr PGR aQq)lification (see table 1). Two different enzymes with 3* 
exonuclease activities were compared for their efficacy of amplificatioii and for theur 
fidelity. Thirty. five qrcles were performed at 94*C. 30 sec, 65*C, 30 sec , 68*C, 1 
min30secwithELONGase'"(Gibco)orat94**C, lmm.65*'C, 1 min, 72**^ 2 min 
whh Pfii (Stiatagene), both after initial denaturation of the sanqile at 95''C. Sequences 
obtained from the serum after single round PCR amplification with either Pfu or 
ELONGase DNA polymerases, gave sunilar results (data not shown). Therefore, 
experiments described thereafter were performed using the ELONGase , because tliis 
mix of en:^mes has a better efficacy than Pfu polymerase. 

Alternate amplification techniques could of course be utilized. 

Example 4 : Cloning of HVRl region 

RT-P(^ products from serum K03 or supematants of cultures infiected with this 
sanin were purified with Wizard KR-frep (TM) (Promega) and subcloned into 
clonmg vector PCR-Script TM Amp SK (+) (Stratagene) by the reconomended 
procedure. A minhnnm of fifteen independent colonies were picked up, and the 
cDNA clones were sequenced in both directions with an Applied Biosystems 373A 
sequencer and Taq Dye Terminators according to Applied Biosystems protocol. The 
sequencing conq>arison were performed with Sequence Navigator software (Applied 
Biosystems). 
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Example 5 : Virological assays 

Quantification of the amount of HCV RNA was performed by An^)licor HCV 
Monitor ™ (Roche Diagnostic System), based on a simplified RNA extraction and a 
single, combined reverse transa:q)tion and anq)lification reaction, mediated by 
tfaermus thermophilus DNA polymerase. Supematants were processed direcdy. HCV 
RNA titers were also determined in some supematants and in sera by the 
QuantiplexTM HCV RNA 2.0 Assay (bDN A, Chiron). Genotypes were determined 
by the Inno-Lipa HCV II test (TM) (Innogenetics, Belgium), GBV-C co-infection by 
the LCx test (TM) (Roche), anti-HCV antibodies (anti-C, E, NS3, NS4. NS5) by die 
Inno-Lia HCV ABm test (bmogenetics). Anti-EI and EZ antibody titers were Idndly 
determined by E. Depla (Innogenetics). Results shown in Table 2 are uidicated as 
following : (- ): n^ative at serum dilution 1/20; (+) : positive at serum dilution 1/20; 
and (+ + +): positive at serum dihition 1/200. Neutralization of Binding (NOB) titers 
were d^ermmed by Rosa and Abrignani (35). This assay is based on the 
neutralization of bindmg of purified ravelope glycoprotein 2 expressed in mammalian 
cells to human cells. According to this assay, high NOB titers are > 1/2000 i.e. a 
1/2000 dilution of the serum has neutralizing activity against binding of purified E2 
on target cells. 

Exanyle 6 : Quantitative analysis of HCV core protein concentration 
The concentration of HCV core protein was measured by the sandwich FEIA in 
cellular extracts and supematants of inflected cells according to a procedure described 
previously (45, 46), with some modifications in the stq>s of processmg samples. 
Briefly, the step of precQ)itating [Mx>teins in samples by polyethylene glycol was 
omitted because the protein was e3q[>ressed as pg/ml using standard of cll 
recombinant HCV core protein. The limit of d^ection was calculated as 40 pg/ml for 
supematants and S.3 pg/106 cells^fbr cell extracts. 
GenBank/EMBL accession numbers 

Nucleotide sequences from the HVRl region obtained in this study have been 
submitted to DDBJ/EMBL/GenBank DNA data bases with accession numbers 
AF045896 to AF045924. 
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Example 7 : Maintenance of HCV replication 

In vitro HCV infected hq)atocytes were analyzed up to 3 months post-infection 
(Fig. 2). In this experiment, positive-strand RNA was barely detectable before day 8 
and day 12 post-infection in the cells (Fig. 2A) and in the supematants (Fig. 2B) 
respectively. Negative-strand RNA detection occurred also later in this experiment 
than in previous ones (day 21 post-infection. Fig. 2A). Kinetics of RNA rq)lication 
seemed therefore to vary from one donor to the other. Quantitative analysis of the 
secr^ed viral RNA was carried out using Amplicor HCV Monitor test (Fig. 2B). 
After an initial release of particles from the inoculum (still detected at day 3), 
genomic titers in the supematants of mfected cells were very low from day 8 to 10 
post-infection, and then gradually increased during the 3 months of culture, ranging 
from 9SS at day 12 post-infection to about 60,000 genomic equivalmts/ml at day 90. 
This correlated well with the intensi^ of PCR products in ethidium bromide stained 
electrophoresis geb. Ronarkably, an enhancement of approximately one Log occurred 
after 2 months of culture. One interpretation of this observation could be tiiat HCV 
replication ad^ted to in vitro culture. Quantitative analysis was also performed using 
bDNA assay. Titers obtained confirmed those obtained using the Monitor test, 
although their range was one Log higher, similarly to what is usually observed for 
sera. 

In order to fiulher assess the presace of HCV RNA in the supematants of long- 
term cultures of infected hq>ato(7tcs, the positive-strand HCV RNA was an^)Ufied 
using primes located in the extreme 3* NCR of HCV genome : the highly conserved 
tail of 98 nucleotides in lengdi extrading HCV genome after the poly(U) stretch 
refmred to as 3' X-tail (19, 47). PCR products obtained using this approach resulted 
in a weaker and less systematic detection, likely due to a lower sensitivity of this 
single-round PCR technique (Hg. 2B). However, these data demonstrated the 
presoice of the fiill length HCV genome released in culture medium following in vitro 
infection. Since this amplification produa was hardly detectable before 23 days in 
culture, and reached its highest level by the end of the culture, this further indicated 
that HCV RNA detected in the supematants of infected cells did not represent 
carryover of infectious particles from the very high titer inoculum K03. Moreover, 



wo 99/67362 



14 



PCT/EP99/IM337 



genomic titers obtained after 3 months of culture were approximately 10-fold higher 
than those observed at day 3. 

The production of c^sid antigen in infected cells was successfully d^onstrated 
by a quantitative method previously described (45) (Fig. 2A and B). Cs^sid antigens 
could be detected both in the cellular extracts (concentration range from 5.1 to 9.2 
pg/106 cells) and supematants of infected cells (40 pg/ml). These data further 
demonstrated that HCV capsid protein synthesis did occur in this in vitro infection 
model. 

Passage of the infection to naive hepatocytes 

D^ection of bodi viral RNA and capsid antigen in the supernatant of infected 
cells suggested the release of viral particles. To dononstrate fliat it was indeed the 
case, their infectivity was tested on naive cultures. Supematants from cultures infected 
with serum K03 (Liver donor A, Fig. 1) were pooled fiom day 19 to 21 post-infection 
and incubated with cells obtained from another donor (liver donor B). Intra and 
extracellular RNA were extracted at various times post-infection. Results are shown in 
Fig. 3. 

Positive-strand RNA was detected in the infected cells at days 5 and 12 post- 
infection, while the negative-strand RNA could only be detected at day 12 post- 
infection. In this case, release of viral particles from the inoculum was barely 
detected. De novo produced viral RNA zqjpeared around 10 days after infection. As a 
control, direct infection of cells from the same liv^ donor was performed with the 
inoculum K03 ; it induced earlier rq>lication. These results confirm tiiat infectious 
viral particles were secr^ed in the supematants of in vitro infected human 
hepaUKytcs. 

Influence of sera characteristics and liver cell donors on in vitro infectivity 
In order to assess the reproducibility of the expmments, three different sera 
(K03, SOS, and L02. genotypes la, lb and 2a/c respectively) were tested for their 
infectivity on hepatocyte cultures established from the Uvers of three donors (A, B 
and C). Results for liver donor A are illustrated in Fig. lA (for serum K03) and Fig. 
4A and B (for sera SOS and L02 respectively), while overall results are described in 
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Table 2. Kinetics of replication obtained with serum SOS were similar to that obtained 
with serum K03 (Fig. lA and 4A). In cells infected with scrum 805 however, level of 
positive-strand RNA seemed to decrease after day 17 post-infection, both intra and 
extra-cellularly, while it remained high at least up to 26 days post-infection in cells 
infected with sown K03. It should also be noticed that with this serum (genomic titer 
17.8 MEq/ml), no release of viral RNA from the inoculum was observed at day 3 
post-infection. In cells infected with serum L02, replication could not be maintained 
after 8 days post-infection, as positive-strand RNA was barely detectable at later times 
and negative-strand RNA was never detected (Fig. 4B). Overall, serum K03 was 
infectious for cells obtained from all three livers, serum S05 was infectious in 2/3 
experiments, while rq>lication could never be established from serum lJQ2 (Table 2). 
According to tfiese results, infectivity seemed directly correlated with genotype 1 and 
high genomic Uta^ and possibly inversely correlated with the anti-envdope antibody 
titers (no antibodies detected at serum dilution 1/20 for serum K03, antibodies 
detected at serum dilution 1/20 for serum S05, and d^ected up to dilution 1/200 for 
serum ljQ2). Infectivity of senna SOS also speared to depend on the liver donor. 

D^ermination of the quasispecies present in serum K03 and in infected cultures 
established from three different liver donors. 

Quasispecies is defined as a population of closely related heterogeneous 
sequences (quasq)ecies) centenred around one dominant sequence (referred to as the 
master sequence) in a single infected individual. 

(Quasispecies present in the inoculum K03 and in the supematants of in vitro 
infected cultures established from diree difii^nt livers were analyzed by cloning and 
sequencing tfie HCV hypervariable re^on 1 (HVRl). (Quasispecies distribution was 
. analyzed at both die nucleotide (Fig. 5 A) and the amino acid level (Fig. 5B). Twenty 
four different sequences (from 36 clones analyzed) were found in serum K03 (Fig. 
5A). One nucleotide sequence (A.3) was dominant in this serum, since 11/36 clones 
were identical (30%), while the remaining ones were minor (representing 2.7 to 5.5 
% of the total clones obtained) differing from each other in 1 to 5 nucleotides. 
Interestingly, this major quasispecies detected in the inoculum (A.3) was only poorly 
represented in supematants of infected cells and cultures derived from all three livers 
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preferentially supported replication of niinor variants found in the inoculum 
(sequences B.3 for liver donor A, A.l for donor C and C.13 for donor B). In all three 
cases, such variants represented less than 5.5% of cumulating virions from serum 
K03. Major quasispecies recovered from the cultures from donors A and B were not 
found in the inoculum, indicating that it rq)resented less than 2.7 % of the circulating 
virions. When siq)ematant collected from donor A (21 days post-infection) was used 
to infect naive cells from donor B (passage), the major quasispecies recovered after 
passage of the infection (sequeiK:e C.13) was different from the one found in 
hepatocytes from donor A (sequence B.3), therefore representing less than 6.6% of 
clones analyzed at day 21 in donor A. This could be one explanation for the observed 
delay in the establishment of viral replication after passage (Fig. 3). Overall, these 
results showed diat different quasispecies were selected in cultures established from 
dififerent livers, and that in all three cases reported hm the quasispecies sdected in 
the culture were minor components of the inoculum. 

Since an increase in viral RNA secretion was observed after two months in 
culture (infection of hq>atocyte culture from donor C, illustrated in Fig. 2)» an 
analysis was made whether this was due to fbt adaptation of obtain quasiq)edes to in 
vitro replication. To answer this question, the HVRl sequence of viral RNA released 
in the supernatant of this long-term culture at days 65 and 90 post-infection, i.e. 
before and after the increase of viral titer was analyzed. This analysis showed that a 
least 3 distinct quasispecies were maintained after 2 months of culture (sequences A.l, 
D.2 and D.48). In contrast, only oi^ HVRl sequence was detected at the end of this 
culture (A.l). This could suggest that a selection of a quasispecies adapted to this 
donor occurred before day 65 and anqilification of diis minor subgroup went on 
thereafter. 

The demonstration of an efficient replication over 3 months in the present 
culture medium using single-round RT-PCR, and quantification of the produced viral 
genonuc RNA were achieved using a commercially available HCV RNA 
quantification kit (Monitor, Roche). Another marker of productive viral infection is 
the de novo synthesis of viral antigens. The concentration of core protein in the serum 
of chronically infected patients has been shown to be a reliable marker of in vivo 
HCV replication (46). The release of core protein in the supernatant of infected cells 
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is a demonstration of efficient in vitro propagation of the virus. Extensive 
characterization was made of the sera used for in vitro infection. None of the sera 
characteristics analyzed (genotype, genomic titer, anti-envelope El and E2 antibody 
titer and NOB titer) were reliable predictive factors of serum infectivity, when 
considered sq)arately. Interestingly however, reproducibility of infection was obtained 
on cultures from three liver donors with a genotype 1, very high genomic titer serum 
containing no detectable anti-mvelope proteins and no neutralizing antibodies in the 
NOB assay. 

In the described in vitro infection model of the present invention, a selection of 
distinct viral quasispecies from the same initial inoculum used to infect cultures 
established from dilfferent liver donors, was observed. 

The present invoition provides an efficient culture system for HCV rq>lication 
and long-^erm propagation wluch can be adiieved using in Wiro infected adult primary 
human hepatocytes. In the model, genomic titer in the supernatant readies 60,000 
genomic equivaloits/ml. 

The described system will be useful for the analysis of the first steps of 
interaction of tiie viral particle with cells, the developmrat of neutralization assays, 
the possible identification of HCY cellular recqptor and the developm»t of 
diagnostics assays. It is also particularly well suited for studies on antivirals, because 
(i) high level rq)lication allows easy detection of viral genomic sequences by several 
single-stq) PGR methods or commercial quantitative kits, (ii) sufficient duration of 
rq>lication is maintained for evaluation of potential resistance, (iii) hqjatocytes are the 
site for metabolism of xenobiotics, and therefore of antiviral compounds and (iv) the 
use of normal hepatoc^tes from human origin will also allow a relevant estimation of 
cytDtoiacity and pharmacological properties. 
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CLAIMS 

1. Use of a culture medium oontaining 

- one or more mammalian plasma or sera, 

- a chemical or biological compound having an antioxydative property 
and/or differratiating property, such as DMSO, retinoic acid, vitamin, for 
example vitamin E, or selenium, 

- and/or one or more ctntiooids 

fDr the m virrt? hq>atitis C virus rq>lication in primary m a mmali a n 
hcpdtocytes. 

2. Process for the in vitro hepatitis C vims rq>licadon in primary 
Tuammfllifln hqiatocytes comprisfaig the stq> of incubation of a primary 
mammalian hqiatocyte culture medium containing 

- one or niore mammalian plasma or sera, 

- a diemical or biological compound having an antioxydative property 
and/or differ^itiating property, sudi as DMSO, retinoic acid, vitamin, for 
example vitamin E, or selenium, 

- and/or one or more cortiooids 

3. Process accordmg to clsum 2, diaracterized in that the culture medhun 
contains : 

- one or more mammalian plasma or sera, 

- a chemical or biological compound havmg an antioxydative property 
and/or dififemtiating pr(q)erty, sudi as DMSO, retinoic acid, vitamin, for 
exan^le vitamin E» or selrainm. 

4. Process according to daim 2 or 3, characterized in that the culture 
medium is a primary human hepatocyte culture medium containing a non- 
infected human p ragma or serum (I.e. a human smnn not infected by HCV), 
DMSO, and a oorticoid chosen firom among hydrocortisone derivatives such as 
hydrocortisone hmiisuccinate, or dexamettiasone. 

5« Process accordmg to clann4, characterized m that : 

- the ratio of non-infecied human plasma or senrai is from about 1 % to 

about 10 % by volume of said culture medium, in particular about 1 %, to about 

S %, and preferably about 2 %, 
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- the ratio of DMSO in said culture medium is from about O.S % to about 
to about 3 % by volume , in particular about 2 

- the concentration of the corticoid is from about lO'^M to about lO'^M. 
in particular about lO^M. 

6. Process according to claim 4 or 5, diaracterized in that the culture 
medium also contains : 

- antibiotics sudi as penicillin, strq)tomycin, and/or 

- interferon, and/or 

- mammalian ingiiiin^ and/or 

- fo^ calf serum, and/or 

- a basic medium fr>r in intra cell cultures, such as William's E medium, 
or a culture medium ad^ted for long t^m culture of epithelial cells. 

7. Process according to anyone of dauns 2 to 6, characterized in that the 
culture medium does not contam PEG. 

8. Process according to anyone of claims 2 to 7, diaracterized in that : 

- the HCV titer of the inoculum is from about 10"^ to about 100 genomic 
equivalents per hepatocyte of the culture, in particular from 0.1 to about 10 and 
in particular from about 1 to about 10 genomic equivatents/hq^atocTte, 

- and the resulting HCS^ titer in the culture medfami after incttbati^^ 
said inoculum, is from about 5.10^ to about 1 gounnic 
eq^al»t/hqpatocyte^day. 

9. Process according to anyone of claims 2 to 8, wherein the hq)atocytes 
are initially seeded in die culture medium at the ratio of about 1.5 xlO^ to about 
2.1tf cells/cm^. 

10. Use of a process according to anyone of claims 2 to 9, for the in vitro 
scre^iing of anti-HCV drugs. 

11. Use of a process according to anyone of claims 2 to 9, for the in vitro 
diagnosis of HCV. 

12. Use of a process according to anyone of claims 2 to 9, for the 
prq>aration of vaccines against HCV. 
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13. HCV infected mammalian hepatocyte culture medium containing 

- one or more mammalian plasma or sera, 

- a chemical or biological compound having an antioxydative property 
and/or differentiating property, such as DMSO, retinoic acid, vitamin, for 
example vitamin E, or selenium, 

- and/or one or more corticoids. 

14. HCV infected mammalian hepatacyti^ culture medium containing 

- one or more mammMm plasma or sera, 

- a chemical or biological con^und having an antioxydative property 
and/or diffemtiattng propoly, sudi as DMSO, r^inoic add, vitamm, for 
example vitamin E, or selenium. 

15. HCV infected mammalian hq>ato^te culture medium according to 
claim 14, diaracterized in that said culture medium is a human hq)atocyte 
culture medium containing a non-infected human serum or plasma, DMSO, and 
a corticoid diosen among hydrocortisone derivatives such as hydrocortisone 
hemisuccinate, or dexam^faasone. 

16. HCV infected mammalian hepatocyte culture medmm according to 
claim 13 to IS, diaiactaized in that : 

- the ratio of non-iofiected human plasma or serum is from about 1 % to 
about 10 % by volume of said culture medium, in particular about 1 %, to about 
S %, and preferably about 2 %, 

- the ratio of DMSO in said culture medium is from about 0.5 % to about 
to about 3 % by volume , in particular about 2 %, 

- the concentration of the corticoid is from about lO'^M to about 
lO^M, in particular about 10^. 

17. HCV infected mammalian hepatocyte culture medium according to 
anyone of claims 13 to 16, wherdn HCV infected hepatocytes survive for at 
least 4 montihs. 

18. HCV particles obtained according to the process of anyone of claims 1 

to 9. 
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